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(54) Ceramic honeycomb catalyst having excellent thermal shock resistance 



(57) A disclosed ceramic honeycomb catalyst hav- 
ing an excellent thermal shock resistance in which a car- 
rier is coated on a ceramic honeycomb structural body, 
has a mean thermal expansion coefficient in a range 
from 40 to 800 °C of smaller than 0.7x1 0' 6 /°C. There- 



fore, it is possible to obtain a ceramic honeycomb cata- 
lyst having an excellent thermal shock resistance in 
which a mechanical strength of a ceramic honeycomb 
structural body to which a carrier such as y-alumina is 
coated is not decreased and the carrier is not peeled off 
from the ceramic honeycomb structural body. 
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D scription 

Background of the Invention 

5 The present invention relates to a ceramic honeycomb body which is used for purifying an exhaust gas of internal 

combustion engine and for trapping particles and also used for purifying and/or deodorizing a fired gas which uses 
various gases or petroleum as a fuei. The invention therefore provides ceramic honeycomb bodies without catalytic 
activity, used for example as filters, and also ceramic honeycomb catalysts. 

In a ceramic honeycomb catalyst which is actually used now, a carrier made of 7-alumina as a main ingredient to 
10 which precious metals are supported is supported on a ceramic honeycomb structural body made of cordierite for a 
purpose of increasing a specific surface. In this case, the reason for using cordierite as the ceramic honeycomb struc- 
tural body is that it shows a least thermal expansion coefficient among various ceramics, and thus it is not fractured i. 
e. it has a thermal shock resistance with respect to a rapid temperature variation due to an introduction of a high 
temperature exhaust gas from engines or the like. 
is However, since a thermal expansion coefficient of y-alumina is two times or more larger than that of cordierite 

ceramic honeycomb structural body, it is necessary to coat a carrier by heat on a ceramic honeycomb structural body 
so as not to peel off during use on automobiles. Therefore, a thermal expansion coefficient of the coated ceramic 
honeycomb structural body to which a carrier is coated is increased by 1.5 through 3 times as that of the ceramic 
honeycomb structural body to which no carried is coated, and thus there arises a problem such that a thermal shock 
20 resistance of the catalyst is decreased as compared with the honeycomb structural body which consists the catalyst. 
To solve this problem, various techniques mentioned below were proposed. 

In Japanese Patent Laid-Open Publication No.62-4441 , there discloses a technique such that a specific surface 
of the ceramic honeycomb structural body is increased by performing an acid treatment and a heat treatment without 
coating a carrier so as to decrease a thermal expansion coefficient of the catalyst. Moreover, in Japanese Patent 
25 Publication No. 62-8210, there discloses a technique such that an increase of a thermal expansion coefficient of the 
catalyst is prevented in such a manner that no carrier is inserted into micro cracks having a width of about 0.5 u. m 
generated in the honeycomb structural body by first coating methyl cellulose or the like on the honeycomb structural 
body and then supporting a carrier thereon by performing a heat treatment so as to remove the coated methyl cellulose. 
Further also in Japanese Patent Laid-Open Publication No.7-10650, there discloses a technique such that no carrier 
30 is inserted into micro cracks having a width of about 0.5 u.m by pre-coating various kinds of chemical compounds on 
the honeycomb structural body and then removing it by performing a heat treatment. 

In the known techniques mentioned above, a problem of the technique in which the honeycomb structural body is 
subjected to an acid treatment as shown in Japanese Patent Laid-Open Publication No. 62-4441 is a decrease of 
mechanical strength as mentioned in detail in this Publication. Recently, using conditions required for the automobile 
35 catalyst becomes severe more and more. Therefore, the catalyst is designed to be supported only by a side surface 
in a converter from the view point of a catalyst using efficiency so as to flow an exhaust gas through overall cross 
section of the catalyst, while in the conventional converter the catalyst is supported not only by a side surface but also 
by an outer peripheral portion of an end surface thereof even if there is a portion through which no exhaust gas if 
flowed. Moreover, a thickness of cell wall of the ceramic honeycomb structural body is designed to be thinner to about 
40 100 n m which is two third of that of the conventional one having a wall thickness of about 150 u. m. Therefore, an acid 
treatment shown in Japanese Patent Laid-Open Publication No.62-4441 is not used because a mechanical strength 
of the acid treated honeycomb structural body is one half of that of the normal honeycomb structural body under some 
circumstances. 

Further, in the technique shown in Japanese Patent Laid-Open Publication No.62-4441 , no y -alumina is coated 
45 on the ceramic honeycomb structural body, and thus a purifying performance is low even if the ceramic honeycomb 
structural body according to this technique has a large specific surface. This is because a large specific surface of this 
technique is achieved in such a manner that MgO is selectively dissolved from the cell wall by an acid treatment and 
small pores are generated in a deep portion of the cell wall, and thus an exhaust gas does not easily contact the 
precious metal supported on the small pores as compared with 7-alumina. 
50 Moreover, in the techniques shown in Japanese Patent Publication No.62-8210 and Japanese Patent Laid-Open 

Publication No.7-10650, since the carrier is not inserted into micro cracks and small pores, a thermal expansion coef- 
ficient of the ceramic honeycomb structural body to which the carrier is coated is not increased. However, a so-called 
anchor effect due to an insertion of carrier into micro cracks or small pores is not achieved, and thus a connection 
strength between the ceramic honeycomb structural body and the carrier is decreased. Therefore, the carrier is liable 
55 to be peeled off under a hard vibration of automobiles. Moreover, a cost is increased due to an increase of producing 
steps. 
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Summary of the Invention 

An object of the invention is to eliminate the drawbacks mentioned above and to provide a ceramic honeycomb 
body having an excellent thermal shock resistance in which a mechanical strength of a ceramic honeycomb structural 
5 body to which a carrier such as y -alumina is coated is not decreased and the carrier is not peeled off from the ceramic 
honeycomb structural body. 

According to the invention, a ceramic honeycomb body having an excellent thermal shock resistance in which a 
carrier is coated on a ceramic honeycomb structural body, comprises a mean thermal expansion coefficient in a range 
from 40°C to 800°C of smaller than 0.75x1 CrVC. 

in this invention, a ceramic honeycomb catalyst having an excellent thermal shock resistance in which a mechanical 
strength of the catalyst is not decreased and a carrier is not peeled off can be obtained by selecting a thermal expansion 
coefficient of the carrier which is coated on the ceramic honeycomb structural body and making minimum an increase 
of thermal expansion coefficient of the catalyst in which the carrier such as y -alumina is coated on the ceramic hon- 
eycomb structural body. 

15 

Brief Description of the Drawings 

Fig. 1 is a graph showing a relation between a heat treatment temperature and a thermal expansion coefficient or 
a thermal shock strength in an embodiment 1 ; 
20 Fig. 2 is a graph illustrating a relation between a heal treatment temperature and a thermal expansion coefficient 

or a thermal shock strength in an embodiment 2; 

Fig. 3 is a graph depicting a relation between a heat treatment temperature and a thermal expansion coefficient 
or a thermal shock strength in an embodiment 3; 

Fig. 4 is a graph showing a relation between a heat treatment temperature and a thermal expansion coefficient or 
25 a thermal shock strength in an embodiment 4; 

Fig. 5 is a schematic view illustrating an outer appearance of a present invention 7; 
Fig. 6 is a schematic view depicting an outer appearance of a present invention 9; 
Fig. 7 is a schematic view showing an outer appearance of a present invention 1 2; and 
Fig. 8 is a schematic view illustrating an outer appearance of a present invention 14. 

30 

Description of the Preferred Embodiments 



In Japanese Patent Publication No.62-8210 and Japanese Patent Laid-Open Publication No.7-10650, there dis- 
closes a reason of an increase of thermal expansion coefficient of a catalyst while a thermal expansion coefficient of 

35 a carrier itself is not increased since micro cracks absorb a thermal expansion as follows. That is to say, since the 
carrier having a relatively high thermal expansion coefficient is inserted into micro cracks or small pores of a ceramic 
honeycomb structural body and is expanded under a high temperature in the ceramic honeycomb structural body due 
to a wedge effect, cracks are generated and extended in the ceramic honeycomb structural body and thus a thermal 
expansion coefficient of the catalyst is increased. 

40 However, a number of micro cracks and small pores are generated in the honeycomb structural body in an adjacent 

manner. Therefore, if the carrier having a large thermal expansion coefficient is expanded in the micro cracks or the 
small pores, such an expansion is absorbed with each other except a most peripheral one. Actually, such an expansion 
is not completely absorbed since the micro cracks and the small pores have a different dimension. This is similar to 
railway in such a manner that, if the carrier is inserted into the micro cracks and the small pores; a rail of the railway 

45 becomes a jointless and thus overall length of the rail contributed to a thermal expansion coefficient becomes longer. 

On the other hand : a portion of the catalyst fractured by an actual thermal shock test is a substantially center 
portion thereof, and at the center portion cracks are generated radially so that the catalyst is cut into round slices. If 
such a fracture is due to the wedge effect mentioned above, a fractured portion is not determined typically. However, 
substantially all the catalysts are fractured at a center portion actually, and thus it is understood that the catalyst is 

so fractured due to a tensile strength instead of the wedge effect. 

Under such a circumstance, the inventors cutout a specimen having a length of 10 mm and section of 1 cell square 
from the catalyst prepared by coating the carrier at 550°C on the ceramic honeycomb structural body having a thermal 
expansion coefficient of 0.4 xlO-VC, and then peeled off the carrier from the specimen. Then, a thermal expansion 
coefficient of the thus prepared specimen was measured. As a result, a thermal expansion coefficient of the thus 

ss prepared specimen on which no carrier is coated is reduced to 0.65x1 0^/°C, while that of the specimen on which the 
■ carrier is coated is 1.2x10- 6 /°C. That is to say, it is understood that a tensil effect due to the carrier coated on the 
ceramic honeycomb structural body is largely effected on a thermal expansion coefficient as compared with the wedge 
effect mentioned above. 
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Therefore, it is understood that a reason of a decrease of thermal expansion coefficient disclosed in Japanese 
Patent Publication No.62-8210 and Japanese Patent Laid-Open Publication No.7-10650 is as follows. That is to say, 
a connection strength between the ceramic honeycomb structural body and the carrier is weakened since the carrier 
is not inserted into the micro cracks or the small pores, and thus a thermal expansion of the carrier is not easily con- 
ducted to the ceramic honeycomb structural body. 

The carrier is coated on a cell inner surface of the ceramic honeycomb structural body in such a manner that the 
ceramic honeycomb structural body is immersed into an aqueous solution, in which y -alumina (Al 2 0 3 ), ceria (Ce0 2 ) 
having a function of absorbing oxygen, lanthanum (La 2 0 3 ) for improving a heat resistance performance, zirconia (ZrOa) 
or the like are mixed, or that a slurry having the same chemical composition as that of the above aqueous solution is 
introduced into the ceramic honeycomb structural body. After that, the thus coated carrier is dried and then subjected 
to a heat treatment at about 600 °C so as not to peel off. 

In the present invention, in order to decrease a thermal expansion coefficient of the ceramic honeycomb catalyst 
comprising the ceramic honeycomb structural body and the carrier coated on a surface of the ceramic honeycomb 
structural body, two features of y-alumina i.e. (1 ) thermal expansion coefficient being larger than that of the honeycomb 
structural body and (2) a volume shrink being generated on a high temperature are utilized. 

That is to say, if the carrier coated on the ceramic honeycomb structural body is subjected to a heat treatment at 
a high temperature, a volume shrinkage occurs, and the generated shrinkage functions as a compressive stress with 
respect to the ceramic honeycomb structural body. Moreover, since the carrier having a large thermal expansion co- 
efficient is liable to be shrunk largely during a cooling state, a larger compressive stress is applied to the ceramic 
honeycomb structural body in this cooling state. Under such a condition, if a heat is applied to the catalyst, the ceramic 
honeycomb structural body and the carrier are extended, but a tensile stress is not applied to the ceramic honeycomb 
structural body till a temperature at which a compression stress of the ceramic honeycomb structural body is zero. 
Therefore, the catalyst to which a heat treatment is applied does not reach to a tensile fracture stress till a temperature 
larger than that of the catalyst to which no heat treatment is applied, and thus the catalyst to which a heat treatment 
is applied is not fractured till a high temperature. 

If a heat treatment is performed at a higher temperature, the carrier does not endure its large expansion and 
shrinkage, and thus cracks are generated in the carrier. At about 900 »C, cracks are at first generated in an axial 
direction (cell direction) at a corner portion to which a thick carrier is coated. Then, a width of cracks is widened cor- 
responding to an increase of temperature, and further generated and propagated in a perpendicular direction with 
respect to that of the first generated crack, so that the cracks constructs a network. In this case, if a temperature 
becomes higher and higher, a width of cracks becomes larger and thus the crack network becomes smaller. Under 
such a condition, if a heat is applied to the catalyst, an expansion of the carrier can be absorbed by the cracks, and 
thus a thermal expansion coefficient of the ceramic honeycomb catalyst becomes smaller. 

Therefore, in order to make the carrier of the catalyst into a number of small pieces for the purpose of decreasing 
a thermal expansion coefficient of the catalyst, it is understood that a heat treatment is performed at a higher temper- 
ature On the other hand, if a heat treatment is performed at a higher temperature, a volume shrinkage of y-alumina 
causes a decrease of specific surface, and thus a purifying performance of the catalyst which is a basic purpose of 
the catalyst is decreased. Therefore, it is not preferred to perform a heat treatment at an excessively higher temperature. 
Hereinafter, an actual embodiment will be explained. 

Embodiment 1 

Cordierite honeycomb structural bodies were immersed into and pulled up from a slurry which is an aluminium 
nitrate solution containing commercially available active alumina and ceria powders. The alumina powder and ceria 
powder is as follows: - 



50 



ss 





Y-alumina 


ceria 


Chemical composition 


Al 2 0 3 ^ 99.9% 


CeO s 


Bulk density (g/cc) 


= 0.1 




Surface area (m 2 /g) 


= 300 




Particle size (|.im) 


2—8, average = 4 


average = 4 


The weight ratio is y-alumina : ceria = 8:2. 



Residual slurry was wiped out from the cordierite honeycomb structural bodies, and a drying for 2 hours at 150°C 
was repeated at 3 times for the cordierite honeycomb structural body having a web thickness of 0.11 mm and at 2 
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times for the cordierite honeycomb structural body having a web thickness of 0.17 mm. After that, a heat treatment 
was performed for 2 hours at a temperature shown in the following Table 1 to obtain ceramic honeycomb catalysts. In 
this case, an amount of carrier coated on the cordierite honeycomb structural body was 240 g per litre of volume of 
honeycomb structural body. 

Then , a heat treatment was performed in an electric furnace at a temperature shown in Table 1 with respect to 
the thus obtained ceramic honeycomb catalysts to obtain the ceramic honeycomb catalysts according to comparative 
example Nos. 1-3 and present invention Nos. 1-3. The number of specimens was five per respective temperatures. 
After that, samples were cut out from respective specimens at central and peripheral of end surface portions, central 
and peripheral of center of axial portion. Then, a thermal expansion coefficient in a range of 40-800°C of the end 
surfaces were measured, and the other four samples were used for a thermal shock test in an electric furnace. The 
thermal shock test was performed in the following manner. At first, the samples were set in the electric furnace main- 
tained at 600°C for 1 hour, and were put out from the electric furnace into a room. Then, an appearance of the samples 
was observed by naked eyes till the samples were completely cooled. At the same time, an overall surface of the 
samples was lightly rung by a thin metal stick. Then, if no cracks were observed and a ringing sound was a clear metal 
sound, the samples were assumed to pass such a temperature. If the samples passed, a temperature of the electric 
furnace was increased by 25°C, and the same observation and ringing was repeated till a crack was observed or the 
ringing sound became a dull sound. Then, a thermal shock strength was shown by a highest passed temperature. 
Respective mean values of the measured data were shown in the following Table 1. 

The alumina is in the form of y-alumina, after the heat-treatment. 
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From the results shown in Table 1, it is understood that the present inventions 1-3 in which the heat treatment is 
performed at 900-1000°C shows a decrease of the mean thermal expansion coefficient to lower than OlSxAO^C and 
an increase of the thermal shock strength. Therefore, an effect of the present invention can be confirmed. Moreover, 
from the result of this embodiment 1 , a relation between the heat treatment temperature and the thermal expansion 
coefficient or the thermal shock strength is shown in Fig. 1 . 

Embodiment 2 

The specimen according to the comparative example 1 in the embodiment 1 was set on a test engine, and a driving 
condition of the test engine was controlled in such a manner that a temperature of a center axial portion of the specimen 
i.e. the catalyst became a predetermined level. In this manner, with respect to three specimens, a heat treatment in 
the test engine was performed at a temperature shown in the following Table 2 for 5 minutes. In this case, a temperature 
increasing rate was controlled linearly at 500°C/minute. This is because, if a temperature of the catalyst is abruptly 
increased by a full throttle, the catalyst is fractured by a thermal shock as mentioned below. The used test engine was 
V-type 4400 cc engine, and the heat treatment of the catalyst was performed under such a conditbn that the catalysts 
were set at both ends of the test engine. After that, in the same manner as the embodiment 1 , one specimen was used 
for measuring a mean thermal expansion coefficient in a range of 40-800°C, and the other two specimens were used 
for the thermal shock test. Respective mean values of the measured data were shown in the following Table 2. 
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From the result shown in Table 2. it is understood that the present invention is effective even if the heat treatment 
is performed by an exhaust gas from an automobile engine. Moreover, from the result of this embodiment 2, a relation 
between the heat treatment temperature and the thermal expansion coefficient or the thermal shock strength is shown 
in Fig. 2. 

Further, a sample prepared by cutting the specimen according to the comparative example 1 in such a manner 
that a length was 102 mm was set just below a manifold of 4-cycle 2000 cc engine. Then, the engine was full throttled 
under a driving condition such that a temperature of the center axial portion of the catalyst became 1 000°C. As a result, 
in the sample according to the comparative example 1 in which the heat treatment was performed at 550°C, cracks 
were generated circumferentially at the center axial portion. On the other hand, if the same test was performed with 
respect to a sample prepared by cutting the specimen according to the present invention 5, in which the heat treatment 
was performed at 1 000°C, in such a manner that a length was 1 02 mm, the sample prepared from the present invention 
5 was not fractured. 



Embodiments 3-5 

As the embodiment 3, a converter on the market was purchased, and a catalyst in the converter was detached 
from the converter One catalyst was cut in such a manner that a length became 25 mm to obtain a specimen. Respective 
one catalyst was maintained as it was. Then, the catalysts and the specimens according to a comparative example 6 
and present inventions 7-9 other than a comparative example 5 were subjected to a heat treatment in an electric furnace 
at a temperature shown in the following Table 3 as is the same as the embodiment 1 . Moreover, the catalyst according 
to the comparative example 5 was not subjected to the heat treatment. After that, samples were cut out form the 
specimen having a length of 25 mm at center portion and peripheral portion, and a thermal expansion coefficient of 
the sample was measured in the same manner as that of the embodiment 1. Moreover, with respect to the catalyst, a 
thermal shock strength test was performed in the same manner as that of the embodiment 1 . Mean thermal expansion 
coefficients of the measured data and thermal shock strengths of the measured data were shown in the following Table 
3. 

As the embodiment 4, the catalysts obtained from the converter on the market were used in the same manner as 
that of the embodiment 3. However, only thermal expansion coefficient was measured, and the thermal shock strength 
was not measured. The results were also shown in Table 3. 

As the embodiment 5, the catalysts obtained from the converter on the market were used, and a thermal expansion 
coefficient thereof was measured in the same manner as that of the embodiment 1 . As a thermal shock strength, the 
thermal shock test was performed as follows. At first, the catalyst was sealed in a chamber having a cone. It was 
assumed that one test cycle was determined in such a manner that a high temperature gas obtained by firing a propane 
gas was flowed for 5 minutes and then an air having a room temperature was flowed for 5 minutes. Then, the catalyst 
was put out from the chamber after ten test cycles were performed in the chamber. After that, an appearance of the 
catalyst was observed by naked eyes, and an overall surface of the catalyst was lightly rung by a thin metal stick. Then, 
if no cracks were observed and a ringing sound was a clear metal sound, the catalysts were assumed to pass such a 
temperature. If the catalyst passed , a temperature of the electric furnace was increased by 25°C, and the same ob- 
servation and ringing was repeated till a crack was observed or the ringing sound became a dull sound. Then, a thermal 
shock strength was shown by a highest passed temperature. Respective mean values of the measured data were 
shown in the following Table 3. 
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From the result shown in Table 3, it is understood that the present invention is effective even forthe catalyst adapted 
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in the automobile on the market. Moreover, from the results of these embodiments 3 and 5, relations between the heat 
treatment temperature and the thermal expansion coefficient or the thermal shock strength are respectively shown in 
Figs. 3 and 4. 

Moreover, Figs. 5-8 are schematic views respectively showing an outer appearance of a part of the present inven- 
tion 7 in the embodiment 3, the present invention 9 in the embodiment 3. the present invention 12 in the embodiment 
5, and the present invention 14 in the embodiment 5. In Figs. 5-8, 1 is a honeycomb structural body (cross section), 2 
is a carrier (cross section) and 3 is cracks in the carrier. From the results shown in Figs. 5-8, it is understood that a 
surface of the carrier of the present invention is fractured by the crack 3. 

In the embodiment mentioned above, the electric furnace and the exhaust gas of the automobile were used for 
performing the heat treatment, but means for performing the heat treatment is not limited to them. However, in the case 
of performing the heat treatment in the electric furnace in an air, if the heat treatment is performed after a precious 
metal is coated, finely dispersed precious metals are sintered to form particles, and a specific surface of the precious 
metal is decreased, so that a purifying performance is also decreased. Therefore, it is preferred to perform the heat 
treatment before the precious metal is coated. 

Moreover, in the embodiment using the electric furnace mentioned above, a large treatment time is required, since 
an agitation device is not used in the electric furnace and a heat transmission is conducted only through a wall of the 
catalyst. However, this treatment time is not limited to the embodiment mentioned above, and is freely designed ac- 
cording to a property of the carrier between the heat treatment and the thermal expansion. This is the same in the case 
of using the engine exhaust gas for perforating the heat treatment. 

The present invention is not limited to the embodiments mentioned above, but various modifications are possible. 
For example, in the embodiments mentioned above, a cross sectional shape in a radial direction of the ceramic hon- 
eycomb structural body is circular, but it is not limited to a circular shape. In this case, the present invention is effective 
even if it is ellipse. Moreover, a cell shape is not limited to a square as shown in the embodiment mentioned above. 
Further, in the embodiment mentioned above, use is made of cordierite as the ceramic honeycomb structural body, 
but it is not also limited. 

As mentioned above, according to the invention, a ceramic honeycomb catalyst having an excellent thermal shock 
resistance in which a mechanical strength of the catalyst is not decreased and a carrier is not peeled off can be obtained 
by selecting a thermal expansion coefficient of the carrier which is coated on the ceramic honeycomb structural body 
and making minimum an increase of thermal expansion coefficient of the catalyst in which the carrier such as y -alumina 
is coated on the ceramic honeycomb structural body. 

The invention also consists in the methods of making a ceramic honeycomb catalyst or ceramic honeycomb catalyst 
support described herein. 



35 Claims 

1. A ceramic honeycomb body or catalyst having an excellent thermal shock resistance in which a carrier is coated 
on a ceramic honeycomb structural body, comprising a mean thermal expansion coefficient in a range from 40 to 
800°C of smaller than 0.7x1 0- 6 /°C. 

40 

2. The ceramic honeycomb catalyst according to claim 1 , wherein an increase of said mean thermal expansion co- 
efficient before and after said carrier is coated on said ceramic honeycomb structural body is smaller than 0 3x1 Cr 6 / 
°C. 

45 3. The ceramic honeycomb catalyst according to claim 1. wherein said carrier is coated on a ceramic honeycomb 
structural body having a mean thermal expansion coefficient in a range from 40 to 800 °C of smaller than 0 4x1 O* 6 / 
°C. 

4. A method of making a ceramic honeycomb catalyst according to claim 1, wherein a heat treatment under 
so 900-1100°C is performed after said carrier is coated on said ceramic honeycomb structural body. 

5. The method according to claim 4, wherein said heat treatment is performed in an electric furnace. 

6. The method according to claim 4, wherein said heat treatment is performed by a heat of an exhaust qas 

55 

7. The method according to claim 4, wherein said carrier has a crack after said carrier is coated on said ceramic 
honeycomb structural body and said heat treatment is performed. 
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FIG. 5 

Present invention 7 
(heat treatment at 900"C) 




FIG. 6 

Present invention 9 
(heat treatment at tfOO°C) 
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FIG. 7 

Present invention 12 
(heat treatment at 900'C) 




FIG. 8 

Present invention 14 
(heat treatment at HOO°C) 
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FIG. 5 

Present invention 7 
(tear treatment at 9O0 °CJ 
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Present invention 9 
( heat treatment at /too a CJ 
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FIG. 7 

Present invention 12 
(heat treatment at 9QQ°C) 




FIG. 8 

Present mvenftbrt 14 
(heat treatment at t/OO'C) 




2 3 



3NSDOCID: <EP 0798042A1TI_> 



17 



